G-CARED 2025 - First Global Conference on Al Research and Emerging Developments

Optimizing Traffic Flow in Urban Areas Using Al

C.R. Vineeta, K. Manideep, D. Dheeraj, K. Navya, Kakumani K.C. Deepthi
SRM University - AP, Andhra Pradesh, India
{vineeta_chittem, sachidananda_k, dheeraj_doupati, navya_kolisetty, deepthi.k} @srmap.edu.in

Abstract—Urban traffic congestion is a persistent issue, leading  during peak hours. The traffic management infrastructure has
to prolonged travel times, increased fuel consumption, and envi- o Jevel up to pace with the vehicle growth, leading to
ronmental impacts. This paper proposes an Al-driven system that . .6 o0 ies in the traffic flow. The longer and continues

optimizes traffic flow using machine learning (ML) algorithms. ti in the traffic leads to frustrati 0 th
The system predicts traffic density at specific intersections by imes in the traffic leads to frustration in the commuters

analyzing historical traffic data, time of day, day of the week, and additionally prolonged vehicle idling and stop-and -go
and environmental factors. The proposed AI model enables traffic patterns contribute to increased fuel consumption and
real-time congestion forecasting, assisting urban planners and  air pollution, which impacts the environment negatively. The
commuters in making informed decisions. This study highlights urban traffic congestion will continue to worsen, affecting

AD’s transformative role in traffic optimization and sustainable . oo . .
urban mobility.Worthwhile traffic management is essential for ~©CONOMIC productivity, if effective solutions were not produced

contemporary urban regions to minimize congestion, enhance and followed.
commute efficiency and promote environmental sustainability. Foretelling traffic plays a major role in concurring conges-

This project aims to develop an Al-driven system capable of tion related provocations. Accurate predictions of the vehicle
predicting traffic patterns by leveraging historical data such as density enable the optimization of traffic signals, the planning

date, time, junctions, and other relevant factors through ML ¢ al . he impl . £ offici i
techniques. The primary objective is to provide accurate forecasts © alternative routes, the implementation of efficient tratfic

of vehicle density at key intersections, empowering authorities, ~control measures. The lack of reliable, data-driven forecast-
and commuters to make informed, data-based decisions. ing often leads to the inadequacy of the traditional traffic

This project leve_rages a detailed dal.:aset containing fields like management systems, making congestion worsen. This project
Date, Time, Junction, Day, and Vehicle Counts. The dataset proposes an Al-driven traffic prediction model designed to

is carefully preprocessed to address missing values, estimate . . . . . .
outliers, and standardize the data. Advanced feature engineering 1OUCC these issues using machine learning techniques. By ana-

is applied to extract meaningful variables, such as peak hours, lyzing historical trends of traffic, the system generates precious
weekdays, and weather conditions (if any), which play a crucial insights to improve the effectiveness and sustainability of the
role in influencing traffic trends. urban transportation networks.

The established model is integrated into a web application
featuring a user-friendly interface. Users can input parameters

such as date, time, and junction to obtain real-time traffic A. Objectives

predictions. These insights can assist in optimizing traffic signal The primary objectives of this study include:

timings, suggesting alternative routes, and planning resources ; o

allocation to improve traffic management. By leveraging Al o * To design an a-based predictive model that accurately
technologies, this system seeks to alleviate congestion, reduce estimates the vehicle volume at various junctions using
travel delays, and enhance urban mobility, contributing to the historical data like, day, date, time.

development of sustainable and smart cities.
This project showcases the effective implementation of Al in
addressing real-world traffic issues, alleviating congestion, and

o * To minimize traffic congestion by providing predictive
insights into traffic flow using machine learning models

promoting sustainable urban mobility. It transforms raw data enabling effective traffic management.
into actionable insights, playing a vital role in advancing the o * To design an iterative and user-friendly web interface
concepts of smart cities. that allows users to input details such as date, time and

Ut.ilizing e_ldvanced machine learn?ng. techr.li(_lues, the system location receive real-time predictions.
provides praises and dependable predictions, aiding the growth of . . . .
smart cities and promoting a sustainable urban ecosystem. This o * To implement advanced Al- techniques, including re-
project highlights the transformative power of AI in tackling gression models and time-series forecasting, to improve
complex real-world problems and paving the way for more the accuracy of traffic predictions.

efficient and livable urban spaces. . . o Enhancing resource allocation by identifying peak con-
Index Terms—Traffic congestion, Machine learning, Smart . .
gestion areas for better urban planning.

cities, Traffic prediction, Urban mobility.
I. INTRODUCTION B. Background and Llterature survey

Traffic congestion has become one of the most rapid- Our significant study in this field was conducted by Delhi
increasing challenges in urban areas due to the continues skill and entrepreneurship University, Chennai, India. This
rise in the number of vehicles on the roads. With a growing serves as our base paper. This study evaluates the effectiveness
population and increasing dependence on private automobiles of various machines learning techniques in managing traffic
for daily transportation, city streets experience and highways and examines their real-time world applications. Given that
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traffic management plays a crucial role in modern transporta- bata Collection -

Model | { Prediction

tion systems, Al-driven solutions can enhance efficiency and preprocessing | Taining & Model
significantly reduce congestion. While these studies highlight

the potential of AI and machine learning on optimization '

traffic systems, they also emphasize that fully realizing these ata Visualizarion W::W'ml:
benefits requires advancements in Al technology. Prior re- I

search has primarily focused on using conventional regression User Input &
models and basic classification techniques for traffic predic- M

tion. However, our proposed work extends these finding by
integrating ensembles learning methods (e.g. Random Forest,
LGBM) to improve accuracy. By comparing existing literature Fig. 1. Flowchart of our proposed work System
with our proposed methodology, we address key limitations
observed in prior studies, such as limited feature selection, lack
of real-time adaptability, and absence of practical deployment.
These improvements make our Al-driven traffic optimization
system more robust and applicable for real-world urban traffic
management. Whiles these studies highlight the potential of
Al and machine learning in optimizing traffic systems, they
also emphasize to fully realize these benefits. Continued ad-
vancements in Al technology will be essential in transforming
urban traffic management for the future.

1) Data Collection and Preprocessing: Traffic data, includ-
ing date, time, junction ID, and vehicle count, is collected from
multiple sources. Preprocessing steps include handling missing
values, feature engineering, and data normalization.

2) Model Development: Machine learning models such
as Decision Trees, Linear Regression, Random Forest, and
Gradient Boosting are implemented. Hyperparameter tuning
optimizes accuracy while minimizing errors.

3) System Architecture: A backend system processes user
C. Organizing project inputs (date, time, junction) and generates predictions us-
ing the trained model. The web-based interface, built using
Streamlit, enables real-time interaction.

4) User Interaction: Users enter traffic parameters via an
o * Chapter 2 contains the proposed system, methodology, jntuitive web interface. Predictions are visualized using charts

hardware, and software details for easy interpretation.

o * Chapter 3 details the cost associated with the project’s 5) Deployment and Monitoring: The system is imple-

The rmaining chapters of our projectt are describes as
follows:

implementation. mented using Streamlit with features like date pickers, time
o * Chapter 4 analyzes the results obtained after implement-  gejection sliders, and dynamic junction lists. A user-friendly
ing the project features such as date pickers, time segment sliders, and
« * Chapter 5 provides the conclusion of the report junction drop-down menus enhance usability.Additional future
o * Chapter 6 contains the project’s code. features consider including things like weather conditions like
o * Chapter 7 includes the references. factors such as rainfall, temperature and humidity, we can try

incorporating since it shows an adverse weather conditions
can impact road congestion and driving behavior. Date related

Several studies have evaluated Al-driven traffic manage- events included such as event can effect traffic congestion.
ment, demonstrating that machine learning techniques, particu- These features were selected based on their potential to
larly ensemble learning (e.g., Random Forest, LGBM), provide provide a holistic understanding of the traffic and improve

II. RELATED WORK

improved accuracy over traditional models [2], [3]. predictions accordingly. The inclusion of environmental, in-
frastructural, and real-time events -based data enhance the
III. PROPOSED SYSTEM model’s ability to capture variation in urban traffic conditions.

The proposed system consists of several phases: C. Cost and standard of the project

Various standards used in this project are:

e Data Management Standards The Kaggle dataset used in
this project complies with open data-sharing policies. Prepro-
cessing steps include managing missing values, normalizing
data, and addressing anomalies to maintain consistency and
. accuracy. Additionally, any sensitive data is anonymized to en-
B. Working Mthodology sure with privacy regulations such as GDPR. These measures

The traffic flow optimization system in multiple phases ensure the dataset is reliable and ready for machine learning
accurate prediction and actionable insights into traffic pat- process.
terns. The methodology integrates data preprocessing, machine e Machine Learning Standards The machine learning
learning and user interactions as described below: pipeline is structured to ensure reliability and accuracy. Cross-

A. Flowchart of system

article graphicx
As shown in Figure 1, the system follows a structured
workflow.
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validation techniques are applied to improv model perfor- This web platform acts as the primary interface, enabling
mance techniques are applied to improve model performance users to input relevant data and receive real-time traffic predic-
and reduce overfitting. The model performance ad reduce tions, there by aiding in effective traffic control and decision-
overfitting. The models are evaluated using performance met- making.

rics such as Mean Absolute Error (MAE) and R-Squared to article graphicx

determine the best-performance algorithm. MLflow is used
for version control, managing datasets, models and code to

ey eqe . Traffic Prediction App
ensure reproducibility and smooth collaboration throughout

Year

the development cycle. Zoza
* Web Application Standards The project uses streamlit to peeknin
develop a user-friendly and interactive web interface. Input Sate
fields for data, time, day etc. Additionally, an HTTPS connec- :W
tion is implemented to ensure secure data exchange between D
the user and server, protecting against potential security vul- S
nerabilities while maintaining a seamless user experience, e
e Visualization Standards For effective data visualization, ——— =
tools such as Matplotlib and seaborn are utilized, adhering to =3

industry best practices for clarity. Graphs and charts include
proper labels. Legends, and well-defines colour schemes to
improve interoperability and ensure that insights are conveyed
in a clear and meaningful way.

* Deployment Standards The deployment process is designs
for consistency and scalability. This project ensures to have a
streamlined workflow. Docker is performed to containerize the The model was evaluated using performance metrics such

application, ensuring consistent performance across different a5 Mean Absolute Error (MAE) and R-squared scores. The
environments. The system is built to efficiently handle high  optimized models for each junction were:

uselr .loads, gaking d.it.a scalalf)lflzl anFl reﬁable sol(llltign fgr o Junction 1: LGBM Regressor (GridSearchCV tuned)
rea .—tlme tratfic preh.lc:llon. ]?y 0 owtllng tl.ese stan.ar S ;ﬁe o Junction 2: LGBM Regressor (GridSearchCV tuned)
prOJe'Ct. guarantees high-quality fiata gnd ing, precise tratfic e Junction 3: Random Forest Regressor (GridSearchCV
predictions, a secure and user-friendly interface, and a robust tuned)

deployment strategy. « Junction 4: LGBM Regressor (GridSearchCV tuned)

Predicted Vehicles: 16

Fig. 2. Output image from the web Application

IV. RESULTS AND DISCUSSION

D. System Specificati
ystem Specification A. Cost and Standards of Project

This section oulines the hardware and software components

used in the system: The project follows established Al and data management

1) Software specifications: THis project integrates various standards:
Python-based tools, a Streamlit-powered web application, Fire- o Data Standards: Kaggle dataset complies with GDPR
base as the backend service, and data visualization libraries to privacy regulations.
develop an Al-driven traffic optimization system. « Web Appli- o ML Standards: Cross-validation ensures model reliabil-
cation: The web application is built using Streamlit , a python ity.
framework designed to facilitate the development of interactive « Web Standards: HTTPS protocol secures user interac-
and dynamic use interfaces. Streamlit enables developers to tions.
create and deploy applications efficiently by focusing solely o Deployment Standards: Docker ensures consistency

on Python code, making it an ideal choice for data-centric across environments.

applications like traffic flow prediction. To develop the web
applications, the following steps were followed: 1. The de-
velopment process was executed in PyCharm, leveraging its While the proposed Al-driven traffic prediction system
advanced IDE capabilities for better code organisation and demonstrates significant improvements in traffic flow opti-

B. Limitations

debugging.

2. The user interface was designed to incorporate fields for
entering the parameters such as day, date, time and junction
number, ensuring seamless user interaction with the traffic

forecasting system.

3. Graphical visualizations, including traffic movements
patterns, were implemented using Matplotlib and Seaborn to

enhance the user experience.
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mization, certain limitations must be acknowledged:

1. Dependence on Historical Data: o The system heavily
relies on past traffic patterns to make predictions. However,
unforeseen events such as accidents, sudden road closures, or
emergency situations may not be accurately captured, leading
to potential inaccuracies in real-time traffic forecasts. o While
additional real-time data sources (e.g., live GPS tracking,
incident reports) could enhance the system, their integration
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remains a challenge due to data availability and processing
constraints.

2. Computational Cost and Scalability: o Real-time traffic
prediction requires substantial computational power, especially
when processing large datasets and running complex machine
learning models. o Deploying deep learning or ensemble-based
models on real-time streaming data may increase processing
time, potentially affecting system responsiveness. Optimiza-
tion techniques such as model compression and cloud-based
computing could help mitigate this issue.

3. Feature Selection and Data Availability: o While the
model considers multiple features, factors such as driver
behaviour, road infrastructure changes, and evolving city lay-
outs are not directly included due to data limitations. o The
accuracy of predictions depends on the quality and granularity
of the collected data, and inconsistencies or missing values in
datasets could reduce model effectiveness.

4. Generalization to Different Cities: o The model is trained
on specific urban areas, and its performance may vary when
applied to different cities with distinct traffic behaviours. o
Adapting the system for broader deployment requires retrain-
ing with localized data to account for regional variations in
traffic conditions and infrastructure.

5. Integration with Existing Traffic Systems: o While the
system provides predictive insights, integrating it with real-
time traffic management infrastructure (e.g., adaptive traffic
lights, smart transportation networks) requires further collab-
oration with urban planning authorities.

V. CONCLUSION AND FUTURE WORK

This project introduces an Al-powered system for fore-
casting traffic movement, aiming to alleviate congestion and
improve urban mobility management. The system leverages
historical datasets, machine learning techniques, and real-time
inputs for IoT-enabling sensors to anticipate traffic conditions,
assisting city planners, commuters, and traffic authorities in
making well-informed choices.

The system functions through multiple stages, including
data acquisition, preprocessing, model formulation, and real-
time implementation. It applies machine learning approaches
such as decision tree algorithm and random forest models to
estimates traffic density across different intersections. These
forecasts provide practical insights, including ideal travel
times, peak congestion hours, and alternate route suggestions,
ultimately reducing traffic jams, commute duration, and envi-
ronmental footprint.

Furthermore, the system incorporates an intuition user in-
terface, enabling inducturas to enter specific details like time,
date, and intersection contributes to streamlined transportation
floe and sustainable urban development.

A. Future work

The traffic prediction system the traffic prediction system
presents multiple opportunities for advancement and scalabil-
ity. Our potential improvements include:
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* Enhanced Data Collection Incorporating a broader range of
data sources, such as live GPS vehicle tracking, meteorological
conditions, and road maintenance reports, would refine fore-
cast accuracy. Deploying additional IoT sensors and intelligent
traffic systems would further improve data reliability.

» Seamless Integration with Traffic Control Systems Ex-
panding the system’s capabilities to interface with existing
traffic signal management networks would allow dynamic
adjustments based on real-time predictions, optimizing signal
coordination and traffic distribution.

e Multi-City Data Incorporation Scaling the system to ag-
gregate traffic information from multiple urban regions would
enable regional traffic assessments, offering a comprehensive
approach to city-wide mobility planning and long-term infras-
tructure development.

* Roadwork and Construction Data Information about road
closures and ongoing construction projects is integrated to
account for temporary route diversions and bottlenecks.

* Public Transport Schedules Bus and metro timings are an-
alyzed to assess their influence on private vehicle congestion,
particularly in areas with high dependency on public transit.

» Traffic Incidents and Accidents Real-time reports of
accidents or breakdowns are included, as these unexpected
disruptions can significantly alter traffic flow patterns.
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